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by Gary R. Olhoeft

Over ihe last 9 years, the data of this report has been
accumulated by the author. Figures 1 through 3 summarize in
histograms the statistics of the dielectric permittivity. Table 1
lists the DC electrical conductivity and relative dielectric
permittivity with the recommended specific gravity (grain density)
of 347 minerals. Table 2 lists the measured dry bulk density,

DC electrical conductivity, relative dielectric permittivity and
dielectric loss tangent for 372 rocks and minerals.

Figures 1 through 3 illustrate histograms of the density-reduced
relative dielectric permittivity according to the formula

_J1/D
k. = k

where kr is the density-reduced relative dielectric permittivity from3a
relative dielectric permittivity, k, measured at a density of D gm/cm".
In all three figures, the top box identifies the sample types, the width
of the hicstogram bins for counting purposes ("Div.=" in dimensionless
kr units), the total number of measurements ("No.="), the skewness,
mean, standard deviation, mode, and median of the distribution (with
these terms defined as in Meyer, 1975). The main plot is the histogram
and a smooth line running average over nearest-neighbor bins. The
vertical axis is percent of samples in a given bin relative to the
total number of samples, and the horizontal axis is the density-reduced
relative dielectric permittivity. The inset plot in the upper right
corner illustrates the percentage of samples (vertical axis) falling
between the mode-x and the mode+x where x is the horizontal axis. Thus,
in Figure 1, 90 percent of all lunar samples have a density-reduced
relative dielectric permittivity falling between 1.92-0.27 and 1.92+0.27.
- Figure 1 represents the statistics of data from lunar sample
measurements as published in Olhoeft and Strangway (1975) and Sill and
Ward (1977). Figure 2 represents the statistics of the data from Table 1.
Figure 3 represents the statistics of the data from Table 2.



It is remarkable that the diverse materials represented in
. Flgures 1 through 3 all have a relative dielectric permittivity that
is given roughly by

k=2°
where k is the relative dielectric permittivity at a dry bulk density
of D gm/cm3. The notable exceptions are those materials with large
amounts of chemically bound or adsorbed water. Water has a density-
reduced relative dielectric permittivity of 78 as a liquid and 3.4
as a solid from frequencies of 105 Hz to‘w9 Hz.

Most materials fall near a density-reduced relative dielectric
permittivity of 2 as the electronic polarization mechanism is the
only one of importance with the density of electrons in the material
the determining factor. In water, the water molecules and OH redicals
are highly polar contributing largely to the dielectric pefﬁittivity
through the molecular orienation polarization mechanism in addition to
electronic polarization. Thus, wet materials and highly hydrated
materia]s'(such as montmorillonite clay) strongly reflect this
molecular polarization in their dielectric permittivities.

A few other minerals that are highly conducting metallic or
semiconducting materials also deviate from the above expression due
to the free-electron nature of their structures. Also, ferroelectric
materials are exceptions due to the dominance of their spontaneous
structurally-related electrical polarizations.



ss|dwes j0 Jagqunu 23D} 30 jUBIuad

Figure 1

k“~(1.-0BD) Lunar Samples

Div= 08.815|No.= 114 |Skew= .87 A
Mean= 1.93|S.D.= 0.17|Mode= 1.92]|Medn= 1.93
) 5@ B.27
- 5% |
|
"_ ) ] '
- 4 “ 1 '§
| ~J
i u
| :
\‘ i
k
- 2% L
3 f]n\- L b—\ r 1
- 1% V | | HiE %_ |
| l \
l li { “ v : T' Ll n! S
+1.5 +1.8 | +2.1 - +2.4 +2.7
7.0x% -
1.92

Density-reduced relative dielectric permittivity




sajdwes 40 Jagwnu |30} 0 juddu3y

-iMean= 2.09

Figure 2

k’~(1,S5G) Minerals
Div= 8.867B|{No.=
S.D.=

261
B.67

Skew=
Mode=

a.13
1.91|Medn= 1.89

z ] H 1
~ © 8 © ©
Vi & ™ wn ~J
J i ‘Sf u .o o

- 5% \
i
i
\
‘ il )
ML an  oa

% 98 8.6
3]

+1.8 +2.8 +3.92
18.7%

1.91

1
+4.0

+5.0

+6.8 +7.8 +8.0

density-reduced relative dielectric permittivity



sa|dwes j0 Jagqwnu |B303 40 U243y

Figure 3
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Table 1 lists the recommended values of zero porosity

~ density in gm/cm3 (specific gravity), DC electrical conductivity

in mho/m, and relative dielectric permittivity at or below 1 MHz.
Minerals are arranged alphabetically by name, with the chemical formula
given, and a number in brackets for those minerals whose tabulated
values were derived from Table 2. The remaining values were culled
from the literature. In addition to minerals, a variety of elements
(in their reference state) and common chemical compounds are shown

for comparison.
Mineral names and chemical formulas are according to

Aballain and others (1968).

-



" Table 1 ' R -

iveme/Lecscripticn Density LC cond.l tLjclectric
gm/cc vmho/m | k™ @ 1 vhc

Acanthite/Arcentite Ag2S " Te248 +1.0L+02

Albite NaAlSi3utk [l4.8]) 2,620 +2.1L-09 6.55

Allanite (Ca,Ce)z(re2+,Fe3+)Al2{0/GCil/5iC4/5iC7]

1293.6] 3.8UC +1.,2L-10 13.50
Almanaire Fe3nal2S5i3012. : 4,318 4,30
Altaite Fb've SEMICUNDUCTOLR - 8.2406 +1.0L+04 450 . LU
Aluriinum Al [REF] ) 2.698 +3,7L+07
Aluminun antimcnice AlSb SEMICONDUCTGR 4.340 24.G0
Aluminumr cxice-gamra Al2G3 IwSULATCE 3.900 10.10
Amtlygonite (Li,na)Al¥l4(r,UR) [248.6] 3.110 +3.1E-12 8.5U
Ammonium sulfate (th4) 2504 '

_ 1.769 3.30
Analcime NaAlSi2C6.H20 2.258 ' 5.80
Ancalusite A125i0G5 (165461 : _ 3.145 +3.9E-12 6.90
Andracite Ca3Fe25i3012 ' © 3.860 8.20
Anglesite PLSC4 [437.6]) . o . 6e324 +7.6E-11 14,30
Anhydrite CasC4 ‘ L 26963 +1.0E-09 6.50
Annatergite wi3 (AsC4)2.8H20 [439.6] 77 34000 +1.2E-10 6.60
Ancrthite CaAlz2s5izZ(C8 ' 2.760 6.90
Anthcphyllite (kig, Fe)7si8022(05)2 3.000 +5.6E-09 8.00 ..
Antimony St [EEF] - - 6.698 +2.5E+06
Apatite Ca5(FC4) 3F [253 6] L 3.180 +1.2E-12 11.76
Aragonite CaCC3 [260.6] e 24931  +2,9E-13 8.07
Arcanite K2SC4 : : a 24662 6.40
Arsenic As {[REF] ‘ ' C e BSe780 +3.4E+06
Arsenic trcmice Asisr3 - 3.540 3.30
Arsenopyrite reAss SEMICONLCUCIOR 6.162 +1.0E+03 7.20
Augite (Ca,lig,Fe2+,re3+,Al) (S1i,Al)C3 _ . 36300 +2.1E-11 9.3C
Axinite Ca2(tin,Fe)Al2ESi4C15CK 3.300 +1.1E~-12 8.90
Azurite Cu3(C03)2(CH)2 [249.6] . 3.787 +1.,8E-G9 21.00
Badcéeleyite 4rC2 , 5.826 12.40
barite bBaSC4 ([75.6] ' - . 4,480 +9.8E-08 10.03
Barium chlorice baCl2 g S » 3.850 11.40
Barium oxide EzO : . I 5.992 34.00
Bariur. stannate 5asnG3 . ' : 18.00
Barium sulfide bas T 4,250 19.23
Barium titanate LbatiGC3 ' . 64017 3600.GGC
Barium zirccnate LBazr03 g ,15.520 43.00
Beidellite e

(Nna,K,Mg,Ca)0.33A12(Si,A1)4C10(CH)2.nk20 “2e 600 17.40
Berlinite AlPG4 2.618 6.05
Beryl Ee3Al251i6018 [180.6] ‘ ‘ 2.641 +2.,8E-13 6.75
Beryllium Ee [REF] : ) - . 1le.847 +2.5E+07
Berylllum oxicde-keta EeO 3.010 - 741
Biotite K2(Mg,Fe)4- 6(51,A1)8020(0H)4 ' 2.900 +1.,2E-11 6.30
Bismite ©i203 9,370 18.20
Bismuth Ei [REF] SEMIMETAL ‘ 9,807 +8.6E+05 '
Bismuth titanate Ki4Ti3C1l2 135.060
Bismuthinite £i2S3 SEMICOULDUCTOR 6.808 +1.5E-01 . 18.20

Bornite Cu5FeS4 SEMICUNLUCTOR 5.091 +1.0E+03 8.13



.
~

Eoron-kb

EBromargyrite Agir SEMICONDUCTOR

[REF]

Bremellite 1e0

brucite rig(Ch)2 [247.6]
bBunsenite niC SEMICGILUCICKR

Caamiun

Cadmiur kremide CdBr2

Cd [REF]

Caémium tellurice CcTe SEMICONDUCTOR

Cadmceelite CdSe SEmICuuubC ‘CR
CaCC3 [194.6]

Calcite
Calcium
Calcium
Calcium
Calcrel

Cancrinite (Na2Ca)4(CC3/(H20)0-3/(Al51iC4)6]

Ca [REF]}

nitrate Ca(nG3)2

cxice CaC (Lime) INSULATOR

iigCl

(432.6]

Cacssiterite Sn02 SENICONLDUCTCR
Celestine SrSC4 [251.6]

Celsian 5aAl2Si2C8 [200. 6]
Cerianite CeG2
Cerium Ce [KEF]
Cerrusite PECC3
Cesium Cs [REF]

Cesium chloride CsCl INSULATOR
Cesium iodide Csl INSULATGR
Chalcenthite Cu5C4.5H20
Chalcccite CuzS SEMICCLLDUCTCR

Chalccpyrite CureS2 SEMICUKLUCTOR

Chlorargyrite AcCl ELECTICLYTE

Chlcrite [:g3(5i4010) (CH)12.:g3(CH)6

Chremite feCr204 [27KCC)
Chroriun Cr [REF] METAL
Chrysckeryl BeRl2C4 [434.5]
Chrysccolla CuSiG3.2H20

Cinnebar hcS

ClaLsthallte ELkse SEMICONDDCTOR

Cobalt Co [EEF]
Cobaltite CcAsS

Cobaltcus cxice CoO

.

Coleranite CaZ2B6011.5H20 [332 6]

Columkite (Fe,iin) (Ck,Ta) 206
Copper Cu [REf] RMETAL

Copper dichloride CuClz
Cordierite (iMg,Fe2+)2zAl14Si5C18
Coruncum Al1203 INSULATOUR

Cotunnite PEC12

Covellite CuS METAL

Cristcbalite §1i02

Cryolite Na3Alko [263.6]

[346.6]

Cummingtonite (kMg,Fe)7[CH/Si4011]2
Cupric sulfate monohydrate CuSC4.1H20

Cuprite Cu20 SEMICONDUCTOR
Danburite CabB25i208 [1€l.6]

2.465
6.477
3.010
2.368
6.809
8.643
5.152
6.200
5.810
2.931
1.530
2.483
34345
7.166

2.450
6.593
3.971
3.200
7.216
6,740
6.583
1.506
3.988
4.510
2,291
5.793
4.200
5.571
2.800
5.086

7187

2,513
2.200
8.187

' 8.100

8.836
6.275
6.438
2,400
5.000
8.934
3.054
2.508
3.987
5.906
4.682
2.300
2:,965
3.211

6.105
3.000

-9-
+5.5E-05

+1.5C+07

+1.,1E-14
+3.0E+07

+2.4E-10
+1.0E+00
+7.1E-12

+1.3E+06

+5.,0E+06

+1.0E+03
+1.0E+03
+1.5E-07
+7.8E+06
+2.1E-12

+1.6E+07
+1.0E+G3

+5.9E+07

+1.4E+06
+1.0E-13
+6.1E-13
+6.0E-11

+3.0E-01
+4.,1E-11

12.20
735
8.60

11.90

.60
10.60
S«.70
0435

6.54
1l1.68C
14.60

8.60
9«00
9.90
9.40
7.00

18.60

6.34
5.60
6.50

12.30
9.00
11.42

783
13.10
18.00

280.00

12.90
13.80
13.00

9.80
7.40
12.60
47.40

8.40
7.02
7.00
7.60
6.94



Datclite CabS5iC40l [442.06] 2.900
Diarona C SEMICGULDUCTGCR 3.515
Diaspore Alu(ull) [4lo.6] 3.378
Dickite 41251i205(Ch)4 |225.6] 2,620
bigenite Cuyss 5.603
bicopsice LigCa5i20Lb [317.6]) 3.277
bioptase Cus5iC2(Ch)2 3.300
Deleomite Calig(CC3) 2 ({102.6] 2.866
pumortierite (Al,Fe)7b5i3Cl8 [1906.6] 3.350
vysprcsium Dy [REE] 8.548
Enargite Cu3AsS4 [265.6] SEMICUNULCIOK 4,463
Epicote Ca2(Al,Fe)3Si30120E [328.6] 3.587
Epscmite MgSC4.7HZG l1.680
Erbium Er [REF] 9.006
Eskolaite Cr203 5225
Europium Eu [REF] - 54245
Fayalite Fe25i04 4,393
Ferberite FewC4 - 76521
Ferrous oxicde FeU (stoichicmetric) "5700
Flcurite CaF2 IuwSULETCER 3.179
Fcrsterite l.gz5iv4 3.213
Frarklinite 5350
Gadoliniur G¢é [RCr) B 7906
Gahnite 54inalzC4 4.608
Galena rkS SEMICONLUCICR ) 7.58¢
Galliur Ca [EREF] . ’ ‘ - 5.913
Gzllium antincnide GaSk SELICOSNDUCTOR

Galliun crsenide GaAs SEMICGNDUCTOR '
Gehlenite Ca2Al28i07 [444.6] 3.050
Geikielite LgTiG3 3.895
Germaniunm Ge [REF] SEMICONDUCTOR 5.326
Gersdocrffite wiAsS 5.964
Gibksite A1(Ch)3 2.441

Glauconite
Kl.5(Fe3+,kq,2l, Fe2+)4-6(Sl,Al)8020(OH)4 [313 2.300

Glaucopharne ha2r93A12[818042](0h)4 3.200
Goethite reO(CH) : 4.268
Gold Au [REF] METAL 19.282
Goslarite %ZnS04.7H2C 1e972
Grarhite C [REF] Carkcn SEMIMETAL 2.267
Greenockite CAS SExICGNLUCTOE 4,826
Grossular Ca3A125i3012 3.595
Gypsum CaSC4.2h2C [26. 5] Alabaster 2,305
Hafnium Hf [REF] - 13.242
Balite naCl ELECTRCOLYTE [433.61 :§.163

«550

Halloysite A12Si205(0H)4.2HE20 [228.6 @ 1.12 '

Hedenkbergite CareSi2C6 [10.8] 3.632
hematite Fe203 SEMICCNDUCTOR 5.275
Hercynite FeAl204 [277.6] 4.265
Hessite Ag2Te SEMICCHLDUCTOR 8.405
Holmium Lo [REF] 8.801

Hornblence
(Ca,NaK)2-3 (rg,Fe2+,Fe3+,A1)5(S1i,A1)6GC22(CK)2 3.080

«10-

+7.9E-11
+2.0E-13
+4.6L-0Y
+1l.0L402
+l1.7L-11

+2.3L-14
+1.6C+06
+1.0E+01
+1.3C-10

+9.3E+05
+1.1E+06

+7.1E+G5
+1.0E+03
+5.7E+06

+2.2E+0C
+1.0E+05

+4.5E+07

+7.0E+04

+9.5E-12

+2.,0E-14
+2.,9E~07
+1.5E~08
+1,0C-02
+1.3E-07
+1.0E+05
+1.1E+06

+2.1E-11

7.50
5.68
12,50
4.60

b.bo
7.60
7.46
7.00

200.G0
14.4¢
5.46

11.90

14,060
14.20
6.76
.80
9.40

" 205.00

15.69
12.95
10.40
18.00
15.80

8.40

12.70
930
11.70

6.20

2.35
7.60
6.39

5.90
7.8€
17.40
25.00
40.00

8.00
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Hydroxyapatite Ca5(F04)3Ch _ 3.155
Iéccrase Call (g, e2+,Fe3+)2214Si9034(0H)4 [445.6]
Vesuvianite 3.400
Illite (li30,K)Al8(51i,A1)16040(Ch)8 2.660
Ilrenite Fe1iO3 4.7868
Indiur In [REEL] 7257
Indium antinronicde InSk SELICCWLUCTGR
Indiur arsenide InAs SCEMICORLUCTGR
Icdargyrite Agl SEMICIiwCUCTIOK 5.684
Iridiurm Ir [REF) 22,564
Iron re [REF] 7.875
Jadeite NaAlSi2Coé [343.6] 3.400
Kaolinite Al25i2C5(Ch)4 [223.6] 2.594
Kareliznite v20G3 5.021
Kernite 1ia2b4C7.452C [440.6] 1.677
Kyanite A12SiC5 [187.6] 3.675
Lebracerite 5z2Ca3(AlS1i3GB)8 [314.6] . -24710
Lead PE [REF] METAL 11.343
Lead nitrate PE(N03)?2 4,530
Lead titanate rETiC3 7940
Lead zirccnate FEZ2rG3 7.000
Leric¢clite K(Li,A1)3(S1i,A1)4Gl0(F, ca)z [27.5] 2.900
Leucite KA1lS1i2Ca 2.469
Limonite [41.5] Amorphcis Iron’ h 3.176
Litharge FEC rec SEMICONDUCTOR
- 94335
Lithiumr Li [REF] «533
Lithiur chlcride LiCl ELECTRCLYTE 2.060
Magnesite [gCU3 - - 3.010
Magnesium tg [REF] METAL 1.737
lagnesiunm sulfzte McSC4 2.660
Magnetite Fe3(G4 METAL 5.200
lalachite Cu2(CC3) (CH)2 [2BKCC] 4.031
Manganese lin [REF] 7.470
Manganite MnC.Ch [212.6] 3.984
Mangancsite MnoO 5366
Mascagnite (Nk4)2504 1.769
Mercuric chlorice kgzCl2
: 6.470
Mercurcus chloriae EgCl2
5.600
Microcline KA1Si3038 [103.6] 2.560
Millerite iiS 5.374
Minium Pb3C4 8.926
Molykdenite McS2 SEMICONDUCTOR 4.999
Molybdenum Mc [REF] METAL 10.221
Monticellite CaligSiC4 [339.6] 3.200

Montmorillonite
(Na,K,Mq,Ca)0.33(A1,0Mg)2Si4010(0H)2.nH20 [229 2.608

Mullite 3A1203.2Si02 3-2 INSULATOR : 3.167
Musccvite KA135i3Cl0(Ch)2 [24.5] 2,831
inantcckite CuCl SEMICGHDUCTGR 4.139
Natrolite Na2A125i3010.2H20 [168.6] 2+245

=11=-

+SQ 25“11

+1.0E+02
+1.2E+07

+1.9E+07
+1.0E+07
+1.2E-10
+3.1E-08

+1.8E-12
+4.8E+06

+2.6E-12

+1.2E+07

+2.3E+407

+1.0E+04
+1.1E~CY
+7.4E+05
+1.9E-02

+5.7E-12Z
+3.,0E+06

+1.GE+00
+1.9E+07

+4.8E-07
+1.0E-14
+4.6E~-13
+2.9E-07

4.20

.64
16.C0U

17.G¢€
14.55
6.t0

10.00
11.80
15.60
5.23
7.60
5.87

1€.80
200.00
200.C0C
6.30
6.80
12.40

25.90

10.60
8.10

8.20
6.33
217.06¢C
18.06
9.80
9.40

3.20
5.48

17.80

- Be50

207.00
6460
7.60
9.80
6.70



Wepheline Na3KA1l4Si4Cl6

wiccolite nias

nNickel Ni [REF] LETAL

lwickel carbcnate Ni(CO)4

Nicbiur NE [FEF]

hNiter KNG3

Nitrotarite Ea(lC3)2

Gléhamite CaS

Opel SiG2.nl20 [198.6] 4
Orthoclase KA1lSi3(s [13.5])
Fallacium Pa [REF]

Pectclite Ca2naSi3UB0H [208.86]
Periclase KGO INSULATCR
Percvekite CaTiC3 SEMICCNDUCTCE
Petalite LiAlSid40l1l0 [289.6]
Phenacite Ee2Si04 R3

Phlcgopite Kmg3alSi3Cl0(CH)2 [23.5]
Phosphcrus P [REF]

Phosphcrus trioxice F2G3
Plattnerite PEC2

Fctassium K [REF]

Potassiur aluminum sulfate KA1l (S04)2
Potassium btromate RbrG3

Potassium bromide X8r INEULATOR
Potassium carktonate K2CGC3 '
Potassium chlorate KC1G3
Potassium flouvride XF ELECTECLYTE
Potassium orthcphcschate K3eC4
Powellite CalicU4 ’
Praseocvmiur Pr [KREF]

Prehnite Ca2A12Si3Cl0(Ch)2 [203.6]
Proustite Ac3AsS3 SEMICOUNDUCTCR
Pt [REF] METAL

Pyrargyrite Ag3sktS3 [302.6] SEMICOKGUCTOR

Py:ite Fe52 SEMICONDUCTOR
Pyrolusite MnO2 SEMICONDUCTOR
Pyrophyllite A125i4010(CE)2 [221.6]
Pyrrhctite Fe.877S METAL

Quartz SiC2 INSULATCR

Realgar AsS

Retgersite nNiS04.6H20

Rhenium Re [REF]

Rhodium Rh [REF]

Rhodochrcsite MnCU3

Rhodcnite MnSit3 [320.6]

Riebeckite Na2Fe2+3Fe3+2SiBC22(0H) 4
Rubidaium Rb [REr]

Rubidiun carbonate Rb2C0O3

Rubidium chlorice REC1

Ruthenium Ru [REF] :
Rutile TiC2 [137.6]) SEMICONDUCTGR
Salmiac NH4Cl Sal Amoniac

2.623
7776
8.910
1.320
8.580
2.105
3.240
2.602
1.890
2.570
12.006
2.870
3.583
4.044
2.410
2.960
2,784
1.801
20135
9.375
«862

3.270
2.754
2428

2.320 .

2.505
2.564
4.256
6.774
2.910
5.595
21.460

5.851
5.011
5.234
2.819
4.610
2.648
3.590
2.070
21.017
12.425
3.699
3.726
3.000
1.530

2.800
12.365
4.245
1.527

-]2-

+1.0E+07
+1.4E407

+8.0E+06

+3.9E-07
+6.9E-13
+9.3C+0606
+2.3E-11
+1l.6C-11

+1.7E-10

+1.0E-13

+1.1E+06
+1.6E+07

+1.5E+06
+2.5E-12
+9.6E+06

 +1.0E+03

+1.0E+0C
+6.6E-13
+1.6E+05
+5.0E-15

+5.2E+06
+2.2E+07

+2.6E-10
+8 .0E+06

4+1.3E407

6.G4

2. 20

4.37
5.90
6.70
13.01
5.€C

S.CO
9.65
165.C0
5.00
5.10
7.60

3.20
26.00

3.80
7.30
4.7¢
4.56
5.10
6.05
775
24.00

6.50
16.50
222.00

16000.GC
6.30

4.50
7.60
6.20

6.80
10.00

659

6.73
4.91

78.90
6.96

[



Samarium Sm [RLCF]

Sanrartinite znwG4

sScancium Sc [RLFr] ’

Scapclite CaCU3.3CaAl251208.Cas04.CaCl2

Scheelite CzWl4

Seleniur Se [LkEE] SEMICUGNDUCTICL

Sellaite tgkZ2 1inSULATCEL

Serrentine g3(5i2C5) (CLE)4 [3168.6]

Siderite reCu3 [271.6]

Silicon Si [KEF)] SEMICUOLLUCTOR

Siliccn carkice SiC SLMICOWLUCTGR

Sillimanite 212S5iC5 [1l56.6]

Silver Ag [RCF] MLTAL

Silver cxice ag2C

Smaragdite CuZ([g Fe)5518CZ2(CH) 2 [490 6]
Actinolite

Soda-niter wanG3

ScGelite 1124A13(SiC4)3Cl

Scdiurm iia [REF]

Scdiur Lkrcriate NaLr(3

Scdéiur carktcnate na2CC3

Scdium corkcnate nycrccer KHaHCC3

Scéiun perchlcrate ueCll4

Spescartine ['n3A128i2C12

Srhaelerite unS [213.6] SEulCuhDUCTOF

Srirel MgAl2C4

Spccaurerie LiAl1S1i2Cé I210 6]

Staennous tetrechlcride £rClé4

Stiknite SE2S53 SELICONLUCTOR

Stibncus kromice SkEr3

Stiktnous chlcrice SEC13

Stilkite HaCaZAl55il13C36.14420 [482 6]

Stilleite znSe SENICCKLUC1IOR

Stclzite FEV:(C4

Strontiznite SrCC3 [272.6]

Strontium Sr [REF]

Strontiurm nitrate Sr(wC3)2

Strentium cxide SrO

Strontiur culfice SrS SEMICONDUCTOR

Strontiur titanate SrTiO3

Sulfur S [REER]

Sulfuryl cklcrice S02Cl2

Sylvite KC1 ELECTROLYIE

Talc Kg351i4C10(0L) 2

Tantalite (Fe,lin) (Tz,ilb)206

Tantalur Ta [REF]

Tantalumr pentcxice Ta205

Tellurium Tc [REF} SERICUWDUCTOR

Tenorite Cu0 SEM1ICCwDUCTCR

Tephroite Mn2Siud [415.6]

Terbium Tk [RECE]

&

7.528
7.£72
2.989
2.500
6.120
4.809
3.14¢
2.600
3.%44
2.330
3.217
3.247
10.501
7140

3.400
2.261
2.2G0

«565
3.339
2.532
2.159
2.020
3.022

Z%v 4,089

3.583
"3.188
2.230
4,627

4.148

3.140
2.150
5.420
-8.411

SRRy

2.583
24986
4.700
3.700
2.067
1.680
1.987
2.784
6.500
16 676
8.311
6.232
6.509
4.155
8.239

-13-

+1.1E+06

+1.6E+06
+8.2E-11

+8.3E+06
+3.2E-0¢
+1.ZE-1C
+1.0E+07
+5.CE=-01

+1.0E-11
+6.2E+07

+100£‘ll

+2.,4L+07

+3.8E-12
+4.9£-13

+1005-06

+4.6E-08

+2.2E-12
+4.4E+0C6

+l.05-12
+1.GE-13

+8 40E+0Q€
+2.3E-04
+5.8E-11

16.10

Ba23
11.70
11.00

2,50
14.0C

9.30C
11.70
10.20
11.300

8.60

8.60
6.85
6.80

5.70
Ge75
4,40
5.7¢
7.60
7450
6.8C
8430
2.87
11.2¢

5.10

5.30
7.85

9.1z .

23.60
£.60

533

13.30 -

11.31
332.00
3.75
9.05
4,84
5.80
10.00

45,00

5.00
18.10
10.00
33.00



Thallium T1 [REF]

Thallous chlcrice TI1C1l EEMICCNLUCTIOR
Thallous ritrate T1LO3

Thenarcite wa2sud [450.6]
Thorianite 1hG2

Thoricum 1h [REF]

Thuliur Tr [REF]

Tierennite HgSe SEMICONLUCTOR

Tin sn [REt] SLEMILETAL :

Tin antircnide Z3n&tb

Titanite C21iSiC5 Sphene

Titaniur 11 [EEf] HETAL

Topaz Al2(SiC4) (F2) [1l84.6]

Tocpaz Al2(51C4) (Ch)

Tremclite Ca2kag5{Si80C22] (Cli)2 [312.€]
Tunigsten W [(REF]

Tungstern rentcxide 205

Tungsten tricxice wC3

Ulexite xaCaB50S.8H20 [441l.6]
Lraninite 0302

Uranium U [KEF]

Valentinite 5k2C3

Vanadium v [EKEF]

Villiaumite waF

jater H2C0 (liguid) INSULATOR
Willemite Zn2SiC4 [182.6]
kitherite EaCC3 [273.6]
hOllastonite CasiO3 [348.6]
hulfenite FblMoO4

hustite re.9470

Ytterbiur Yb [REF]

Ytterbium sescuicxice YbB203
Yttrium Y (FEF]

Y ttrium sesguioxiae Y2C3

Zinc zn [REF] MELTAL

zinc tellurice ZnTe SEMICCNDUCTGR
Zincite ZnGC SEMICOHDUCTOR

2ircon ZrSiG4

Zirconium Zr [REF)

z0isite Ca2A13(SiCU4)3(CH) [347.6]

-~ -

11.875
7.020

2.663
10.012
11.72¢

9.320

8.266

7.287

3.523
4.506
3.500
3.174
2.977
19.261

7.160
2.000
16.969
19.047
5.829
6.101
2.790
«997
4.251
4.308
2.909
6.817
5.722
6.969
9,170
5.912
5.010
7.136
6.340
5.676
4,669
6.508
3.328

-14-

+5.6E+06

+2.,1C0-12

+7.7E+06
+1.3E+006

+Y.1L+C6

+2.3E+C6

+1.8L+G7
+2.2C+05
+5.0E-C4
+2.9E-12
+2.6E-03
+3.3E+06

+4.0E+06
+1.5E-11
+3.4E+06
+1.8E+06

+1.7E+07

+2.5E+06
+2.4E-11

31.90
16.50

S.CG
16.40

25.€G

147,60
21.00

6.80
5.CC
8.00

5.80
24.00

12.86C

690
78.30
7.70
7. 20
8.6C
26.80
14,20

5.00
11.50

10.10
12,00

10.0G

10.40



Table 2 1ists the measurements of a series of rocks and
minerals. The columns in the table are the rock or mineral
description .and any identifying information (sample number, location,
etc.), the dry bulk density (+0.01 gn/cmS), the DC electrical
conductivity in mho/m (+10 percent), and the relative dielectric
permittivity (+1 percent) and loss tangent at frequencies of 1 kHz,

10 kHz, 100 kHz, and 1MHz. A1l measurements were performed using
a three-terminal sample holder at room temperature in 8 percent
relative humidity.

Samples without bracketed numbers are from the U.S.G.S. Petrophysics
Laboratory sample collection. Those with bracketed numbers beginning
with "R" are from Robertson and Peck (1974). Those with other bracketed
numbers are from Hunt and Salisbury (1976) and references therein.

Blank entries in the table indicate sample measurements that were
outside the range of the measurement instruments. DC electrical
conductivities were measured using a Guildline 9520 automatic digital
teraohmmeter and dielectric properties were measured with a Hewlett-Packard
4270A digitial capacitance meter.

Where necessary, values for Table 1 were generated from these
Table 2 measurements by reducing the dielectric permittivity to zero
_porosity through :
—T
where k1 is the value in Table 1 at the zero porosity density of S gm/cm 3
and k2 is the value in Table 2 at the measured dry bulk density of D gm/cm”.
DC electrical conductivities were reported as the same values in both
tables as there is no known density correction.

3

*Trade and manufacturer's names are used for descriptive purposes only
and do not imply recommendation or endorsement by the U.S. Geological
Survey.
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